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ABSTRACT
During the academic year 1965-66 a team of researchers from the
Departments of Architecture and Civil Engineering at M.I.T. developed
a system of economical high rise apartment building framing, in
steel, using floor height trusses spanning between exterior walls
of the building. At the same time, real estate developers were
giving preliminary consideration to a very high density housing
complex on the west side of Manhattan Island. This paper combines
those facts with some general thoughts on the planning of a large-
scale housing project to evolve a program for the New York City
project. Finally, an overall plan for the site was developed, in
response to that program.
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LIST OF VARIABIES EPIlYED IN TEXT
Ac Total commercial area
A Miscellaneous area
m
a Gross area per parking space
p
A Required total parking areap
a Mean play area per child
pL
A Required total play areapL
A Total passive recreation area
A Total residential area
A Total school area
s
am Mean school area per child
B Parking ratio
C Number of children
C Costs
C Financing costs
C Maintenance costs
C Operating costs
CT Tax costs
FAR Floor area ratio
h Number of households per store
HF Height factor
m Mean number of rental rooms per apartment
NPS Number of parking spaces
NRR Number of rental rooms
th
n. Number of~ dwelling units with i occurrence
-6-
n Ratio of number of school grades in project to the total
childhood years
OSR Open space ratio
p. percent of units with ith occurrence
P Profit
r Mean number of additional bedrooms per dwelling unit
Rrr Rent per rental room
RRR Revenue from residential rentals
Sh Sales per household
S Number of stores which might be supported by a given number
of households
Ss Sales per store
TA Total project area
X Interst and amortization of investors' equity
% of children playing at one time
Mean gross area per dwelling unit
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1. PURPOSE
The development of a program for the residential and non-residential
support facilities for the New York City "Central Yards" community has
been the subject of a major effort. A rational approach with general
applicability to the establishment of program requirements was sought
whereby predictions of use needs and also predictions of site potentials
or needs could be made.
The method of this approach has been in the form of an attempt to
partition the problem into its significant zones, to isolate the sig-
nificant variables pertinent thereto, and, where possible, to derive
pertinent relationships between them, seeking to form expressions of
these variables in terms of the least number of their most basic
components. In those cases where no straightforward approach to the
derivation was evident the nature of the problem was discussed and
alternate methods of solution, whenever evolved, were proposed.
The following broad categories of area uses were isolated as repre-
senting the major spatial needs of the community.
Residential: all area, indoors and out, under the personal
control of individual households.
Automobile parking: all space to be used for the live storage
of automobiles. This is a function of the residential population
of the site.
Public open space: comprised of 2 subsets
Active space: play grounds and areas for group organized
sports and recreation
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Passive space: quiet areas for non-active outdoor
recreation
Educational space: all indoor and outdoor space to be used for
school classrooms, common spaces, offices, etc.
Commercial space: area to be used for one or more shopping
centers serving principally the needs of the on-site residential
community.
Community facilities and miscellaneous space: all areas not
accounted for by the categories above, including special com-
munity service centers, agency offices, meeting areas, etc.
The area requirements of each of these uses were considered variously
as functions of the total area and of the total anticipated population,
as well as of each set of individually pertinent parameters.
2. RESIDENTIAL SPACE
Residential space comprises the largest single use area on the site.
It is in service to this use that most other space uses are provided.
The population density proposed by potential developers of this site,
ranging from 550 to 850 persons per acre exceeds that of the average
slum by a factor of 5 or more. It is at the highest limit for
which the FHA has established standards, and they refer to it as
"tolerable for a very few people and ill suited to children."2
Yet these tremendous densities are a function of the reasonable
economics of the site. The principal variable in the density figure
'Paul Spreiregen, Urban Design: the Architecture of Towns and Cities,
McGraw Hill, 1965.
2Ibid.
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is the number of rental rooms, RR, required to make the proposed
development economically feasible.
NRR (1.)
rr
where RRR
and R =
Total revenue from residential rentals necessary
to support the project
Rent per rental room, which might be a market variable
or, as in this case, a constant set by the legislation
underwriting the project financing, e.g., the NYS
Timited Income Housing projects are allowed a rental
of $28/rental room.
The total revenue from residential rents, RRR, simply derives from
the costs and profits involved.
RRR = P + C + X (1.2)
where P = the operating profit necessary to attract investment
C = the costs of operation
and X = the interest and amortization of the investors' equity
in the project
The costs, C, may be further broken up into its obvious components.
C =CT + Cm + Cf + CO + ... (1.3)
where CT= the cost of taxes
C = the cost of maintenance
C = the cost of financing (e.g. debt service, etc.)
C = the costs of operation of the project, including wages,
salaries, etc.
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A second major variable in the development of the project size is
the mean number of rental rooms per apartment, m. This number is
derived from the apartment size distribution anticipated.
~n. s.
m2= p 1(.)in i n
where p = the percentage of apartments containing s. rental
rooms
and n = the number of apartments containing s rental rooms
The distribution might be based upon the needs of the community, the
potential market and/or upon the ability of the site and its environs
to provide an environment suitable to a particular group of residents.
The last primary variable is the gross size of the average dwelling
unit, including all area rented by and under the control and super-
vision of individual tenants. The term gross, as used herein, refers
to an allowance in the unit size for those corridors, elevators, and
other services immediate and necessary to the function of the unit.
This variable, o , is a function of the geographic area, its economic
structure, local legislation, and, of course, the basic needs of the
potential resident. It is calculated as the simple statistical mean
area of the units within the project
er. a. npa (1.5)
2 ni
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where p = the percentage of apartments having an area of a
and n = the number of apartments having an area a.
The total residential area, Ar, then, is determined by these three
variables, NRR, m, G , through the simple relationship:
A = o- (1.6)
r m
The other pertinent form affecting parameters which might be determined
for this use-area, as well as others, are the floor area ratio, FAR,
the open space ratio, OSR, and the height factor, HF
FARR = ATA h (1.7)
where the subscript R refers to residential use
and TA = the total project area.
1 OSR 1 (1.8)
FAR ~ 200 NF
3. PARKING
Parking space is based upon the probable requirements of the population
and upon local ordinances and customs. In the case of this New York
City study, where the proportion of cars to families is quite below
the national average, especially in Manhattan, the parking ratio, B,
is established rather arbitrarily by the zoning ordinance at 40% of
the total number of dwelling units.4
3New York City Zoning Ordinance: Article II, Residence District
Regulations, p. 20 ff.
4Ibid., i 25-23.
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NPS = B --- (1.9)
m
where NPS = number of parking spaces required.
The area of parking required, A equals the number of parking spaces
required times the gross area per space required, a .p
A =a x UPS = a B- (1.10)
p p p m
Although not central to the determination of areas, a consideration
must be given to the problem of access between the parking, its cir-
culation system and the public thoroughfares.
4. OPEN SPACE
Having made a preliminary determination of the potential residence-
occupancy of the site, with respect to its size, approximate population
distribution and economic status, some conclusions can be drawn about
the "open space" requirements of the project. Considering the densities
being studied, and the probable meagre zoning requirements, these open
spaces will probably have a great premium placed upon them and their
use must, therefore, be most efficient. The open space use-class may
be subdivided into two groups; those areas devoted to active play and
sports, and those areas devoted to passive activities.
4.1 Active Space
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4.11 Determination of Child Population
The active play area is primarily a function of the number and age
distribution of children anticipated on the site. This, in turn, is
governed to a large degree by the apartment size distribution planned
for the project, expressed functionally by the mean number of rental
rooms per unit, m. Naturally, there must be a relationship between
the apartment size distribution and the ability of the site to provide
play space. This constitutes a test of the original assumptions which,
if unsuccessful, will require a reassessment of these assumptions
and a new attempt at open space determinations. An iterative pro-
cedure is evolved wherein the solution, if it exists, is approached
through converging successive approximations.
It is generally considered desirable to provide centrally located,
reasonably housing to families with children, but the problems
associated with doing so must be evaluated, and the desirability must
be balanced against the disadvantages. Finally, a survey of similar
local projects gives same basis upon which a judgment of the reality
of any previous decision may be made. In simplified and generalized
terms, the area to be devoted to active play is a direct function of
the number of children on the site, c, which is itself a function of
the mean number of additional bedrooms per dwelling unit, r, since it
is assumed that those units with additional bedrooms would be the most
likely to have children. The mean number of additional bedrooms per
dwelling unit is found as follows:
nr 22n. i
r=22 p i = 1(1. 11)
=1 2; n
where p = the percentage of apartments with (i+1) bedrooms
and n = the number of apartments with (i+l) bedrooms
The factor 2 allows for 2 children in each bedroom. This is probably
a reasonable average since in certain units each child will have his
own bedroom while in others more than two will be crowded in. Indeed
certain one bedroom units will probably even house one child.
The area to be devoted to play area, ApL, is a function of the number
of children, c, and the number of rental rooms.
ApL pL x C XE (1.12)
where a is the mean area of play space per child (please see
Appendix 1) and e is a factor representing the probably percentage
of children playing at one time
4.12 Additional Methods of Investigating the Child Population
Alternative methods of determining the likely number of children on
the "Central Yards" site were investigated, and these will be summarized
below. Please note that initial calculations were performed assuming
a program requirement of 4000 units on the phase one site, 12000 units
on the complete site, and an apartment distribution as suggested by
The Pratt Institute Study, Methods of Reducing the Cost of Public
Housing, sponsored by the N.Y. State Division of Housing in 1960,
indicates that in many New York City apartments, the living room is
used for sleeping.
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the New York City developers.
TABLE I *
Initial apartment size distribution for Central Yards site as proposed
by the New York City developers
Bedrooms
0
1
2
3
Percent
20
50
25
5
100
* source: Kelly and Gruzen Report.
Method 1
A survey of New York City cooperative projects reveals the following data: 5
TABLE II *
Project
1)
2)
3)
4)
Manhattan
Penn Sta. South
Lincoln House
Chatham Green
Sewerd Park
Brooklyn
5) Lindsey Park
Manhattan co-ops
over 10-yr. period
rarely exceed
K- 6 children/100 families
1964
2.8
6.7
10.7
6
9
1
1963
8.1
10.7
net change
-1.4
0
extrapolated
K-9 children/
100 families
1964
9.5
15.3
8.5
12.8
18.5
1963
11.5
15.3
*Source: Kelly and Gruzen report. 1 11 _ _
5Kelly & Gruzen, architects, report on educational facilities derived
from New York City Board of Education.
If the Penn Station South average is used as a guide (since these
projects are in approximately the same area of Manhattan) the first
phase of the project could be expected to have
4000
100 x 2.8=-112
one hundred twelve K-6 children, and 160 K-9 children. Similarl.y,
the total project would probably contain
12000
100 x 2.8 = 336
three hundred thirty-six K-6 children and 480 K-9 children. This is
most probably a low estimate.
Method 2
Using the maximum common Manhattan ratio of 13 K-6 children/100 families,
the predictions for this site become:
Phase 1 = 520 K-6 743 K-9
Total Project = 1560 K-6 2229 K-9
Method 3
Using 6.7 as a median value of the children-per-household ratio as
shown by the sample in Table II, the project predictions are:
Phase 1 240 K- 6  343 K-9
Total Project 720 K- 6 1029 K-9
Method 4
This method is functionally similar to the generalized approach des-
cribed in Section 4.11 which may be summarized by the following
equation:
c = r x (1.13)
where c - the number of children.
The number of additional bedrooms per d.u., r, was considered to be
a measure of the number of third and fourth members of households
within the project. An arbitrary reduction of 10% was applied to this
figure to account for adult "third members" and for other non-bedroom
uses of the additional room. This technique yielded a figure of 1260
children, aged 0-18, in the first phase site. Assuming a relatively
linear distribution of ages with this group, the following was
obtained:
Phase 1 490 K-6 700 K-9
Total Project 1470 K- 6  2100 K-9
Method 5
Assuming that on the average only 2 and 3 bedroom units will contain
family third members and that the 2 bedroom unit ill contain 2 third
members while the 3 bedroom apartment, 3 additional persons, the ratio
of "third members" per dwelling unit can be calculated to be .65.
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Allowing a reduction of 10% for adult "third members," the ratio of
children per d.u. becomes .595. Then, again assuming a linear distri-
bution of childrens' ages, the ratios become .2315 K-6 children/d.u.
and .3316 K-9 children/d.u. The predictions, then are:
Phase 1 926 K-6 1353 K-9
Total Project 2778 K-6  4059 K-9
4.13 Additional Assumptions and Calculations
The first set of calculations, based on an apartment distribution
suggested by New York City real estate developers, heavily favored the
small one-bedroom apartment, and consequently the small, frequently
childless family. It was considered reasonable to recalculate the
child predictions for the complete project on the basis of a new apart-
ment distribution, favoring the slightly larger family and the two-
bedroom apartment. (See Table III). A comparison of the results of
these calculations will be found in Table IV, page
TABLE III
Second apartment distribution schedule proposed for the Central Yards
site.
Bedrooms Percent
0 15
1 25
2 50
3 10
100
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Finally a third set of
apartment distribution
total number of d.u.Is
rooms constant. These
calculations was performed using the second
schedule described above, but decreasing the
in order to keep the total number of rental
calculations will be sumnarized below.
1. ORIGINAL DISTRIBUTION
# of BR % x # of x #units = Total rental rms.
rent. rms.
0 20 2.5 12000 600o
1 50 3.5 12000 21000
2 25 4.5 12000 13500
3 5 6 12000 3600
Totals 100 44100
Using this total, and the second apartment distribution as proposed in
Table III, the following table was derived.
2. SECOND DISTRIBUTION
#of BR % x #of x # units - Total rental rms.
rent. rms.
0 15 2.5 10750 4030
1 25 3.5 10750 9420
2 50 4.5 10750 24200
3 10 6 10750 6450
Totals 100 44100
These data were fu.rther operated upon according to the methods previously
described to estimate the possible number of children which might be
expected within the project. The results of all the calculations are
summarized in Table IV.
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Since the techniques of study divide fairly evenly between those
which are a function of a planned, predetermined apartment distri-
bution, and those which are based on New York City local existing
data, the close correlation of mean and median values for the first
distribution of unit sizes, and the much greater deviation exhibited
by the second distribution might be an indication of the accuracy of
the market prediction made by the developers as shown in the first
schedule.
4.14 Calculation of Necessary Area
Returning to eq. 1.12
ApL =aPL x Cx of
and using e = 1.0 for an absolutely maximal estimate, the following
final area estimates can be drawn.
C:mean A Max Area Area
# child. pm 1 2
Phase 1 K-9
Dist. 1 659.8 111 1. 73,100 .8 58,500
Total Proj.
Dist. 1 1979.4 111 1. 210,000 .8 176,000
Total Proj.
Adjusted Total
Dist. 2 3054 111 1. 339,000 .8 301,000
4.2 Passive Space
The inclusion in this environment of an area or areas for passive
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recreation or relaxation is of very great importance. A contrast to
the city's public dynamic character must be provided for the relief
of psychological stress and tension. The definition of the uses of
these areas, however, is not even so straightforward as that of the
active spaces. These must include areas wherein a resident might sit
and enjoy whatever natural surrounding scenery that might be present.
In the case of the New York City site, the scenery would consist mostly
of the Hudson River view. Possibly, if the area were located at a
point of vantage, the view might include the surrounding cityscape.
These passive places should be areas where one might sit in the sun,
sit in the shade, relax, reflect, and "get a breath of fresh air,"
if that still has any meaning in a large city.
If the uses of these spaces elude thoroughgoing definitions, their
spatial requirements defy calculation. It is rather only suggested
that whatever space is provided., and however it is organized with
respect to the whole project and with respect to smaller zones of the
project, it must be viewed with a clear conception of the number of
people it must serve at one time, of the number of different people
it must serve over any period of time, of the density of people it
will probably be called upon to support at any given time and of the
appropriateness of these densities to the anticipated uses. The
probability of the success of the spaces must be evaluated with respect
to these variables.
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5. EDUCATIONAL FACILTTIES
The need for educational facilities within the boundaries of a large
scale residential project is evident. To provide schools, especially
for the younger children, which they might attend without excessive
journeys from their homes, either on footor in buses, subways, etc.,
and without necessity of crossing heavily trafficked thoroughfares,
would be beneficial to the children of such a complex, to their
families, to the city, and even to the project developers, by means
of the increased desirability of their rental offering. The questions
that arise in planning such a facility are:
1. Which grades can reasonably be accomodated? How many
children are needed to support a reasonable school? At what
grade level does the increased facilities of a larger, more
central school outweigh the advantages of proximity?
2. What school facilities already exist in the neighborhood?
How many vacant places exist? To what extent would classroom
space provided within the project be a wasteful duplication of
existing space?
The first question suggests a preliminary answer. The senior high
school grades are best served by a large central school.6 The need
for a wide variety of courses of varying technical and specialized
nature supports this. In New York City there are even whole public
6Educational Facilities Laboratories, The Cost of a Schoolhouse, a
report. New York, 1960.
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high schools devoted to specialized courses of study, such as the
Needle Trades High School and the Textile High School, both within
a twenty minute walk of the project site.
The junior high schools present a more marginal case. Here an argument
could be made for more local schools. On the other hand, the trend
toward more and more varied subject matter being taught, even in these
grades, leads to the idea that they, too, will profit by centralization.
The remaining elementary school years, K- 6 , are the obvious candidates
for localization. These are the grades which have been considered for
inclusion upon the Central Yards site. Returning to Table IV, the
projections for K-6 children on this site, both first phase and
complete are shown. These data are compared with the presently available
vacant places, in local schools, Table V.
TABLE V
Est. K-6 # child. local* local deficit
child. per grade available of excess) of
space spaces
Phase 1 457.6 65.4 509 (42.4)
Dist. 1
12000
Total Proj. 1372.8 196.1 509 863.8
Dist. 1
Total Proj.
10750 2140.6 305.1 509 1631.6
Dist. 2
*P.S. 33 356
P.S- 51 153
5W (7)
7New York City School Board, report on educational facilities in the
region surrounding the Central Yards.
It appears that the local schools are equipped to handle the increase
in children caused by the Phase 1 development. There are, however,
certain other housing developments being proposed in this area of
New York City. Furthermore, the advantages of keeping the youngest
3 or 4 grades of children within the site are undeniable. It might,
therefore, be wise to establish a small school, even on the Phase 1
site, to handle grades K-3, this school being designed to accommodate
about 262 children.
Clearly the total project, by either estimate of its distribution,
would be unable to use the existing facilities. Here a complete ele-
mentary school must be established.
Having some idea of the number of spaces to be provided, the determina-
tion of the area requirements becomes quite simple. A summary of
average space allocations per child in schools in various parts of
the country is presented in Table VI.9
TABLE VI: MEDIAN AREA PER PUPIL
Zone in class room aux. room service total
Northeast 34 39 38 ll6
Southeast 27 24 15 75
North Central 38 37 45 117
South Central 26 31 38 78
West 35 32 24 95
8
ENR. April 21, 1966, p. 18, Engineering News Record, McGraw Hill Inc., N.Y.
9The Cost of a School House, EFL., p. 68.
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Taking the figures pertinent to the northeast, the following required
areas are obtained.
Phase 1 Total Project
Dist. 1 Dist. 1 Dist. 2
K-3 K-6 K-6
Classroom 8,900 46,600 73,000
Auxiliary 10,200 53, 500 83, 500
Service 9,950 52,000 81,200
Total 30,300 159,000 248,000
In general terms, this process may be described by the equation:
A =am xCxn, (1.12)
where C = the number of children in the project (section 4.11),
ns = a factor to obtain the portion of these children in the
grades to be provided,
and am = the mean area of school per child.
6. COMMERCIAL SPACE
The development of a program for auxiliary commercial facilities on
a residential site depends greatly upon the general cammercial en-
vironment existing in the project neighborhood. On the New York City
site which currently consists of a large area of warehouses and freight
transfer depots, there are no readily available retail commercial
facilities. It may be assumed, therefore, that the major shopping
center for the residents of this site must be provided.
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Any simplified technique of estimating the approximate area of store
per family or resident has long been held as obsolete.10 As an
alternative, a systematic, if simplified market analysis is suggested.
The U.S. Census Bureau publishes a survey of retail merchandise sales
in the various standard metropolitan statistical areas throughout
the country. The magazine "Sales Management" publishes a regular
"Survey of Buying Power" issues in which total and per-household pur-
chases in standard metropolitan statistical areas and counties through-
out the U.S.A. and Canada are presented. These data may be compared
to provide an estimate of the number and distribution of stores a given
number of households might support.
Further information may be added by comparing store distributions for
known existing shopping complexes serving known markets. The three
samples that were carried along in these calculations were obtained
from Baker and Funaro, Shopping Centers. Although these are quite
old, they do provide interesting and helpful information which is
reproduced in Appendix 2, Part A.
The first portion of this commercial facilities study consisted of a
compilation of types of commercial establishments, their average sales
per store,12 their per household sales, the resulting average number
of households per store and, consequently the number of stores which
10Baker and Funaro, Shopping Centers: Design and Operation, Progressive
Architecture Library, Reinhold Publishing Corp., N.Y., 1951, rev. 1954.
Ibid.
From Census Bureau, Retail Trade-Merchandise Line Sales, 1963.
13 Sales Management, Survey of Buying Power, June 10, 1965.
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could, on this basis, be served by the proposed development. Expressed
generally,
h S/s (1.14)
and
=1 _ i~R
S hx m. (1.15)3.
where h - the number of households required to support an average store;
Ss = the average sales per store; Sh = the average sales per household;
S = the number of stores likely to be supported by the number of units
with NRR. rental rooms and a mean number of rental rooms per unit, m. .
These calculations are tabulated in Appendix 2, Part B.
The information thus obtained was compared with the data from existing
samples both in terms of number of stores and area of stores serving
known populations. Sales area per household., within store types, was
calculated., and these figures were multiplied by the project dimensions,
to obtain initial area estimates. These calculations and data are
sunmmarized in Appendix 2, Part C. A revised version follows in Appen-
dix 2, Part D, wherein the figures are scaled according to the pre-
dicted economic level of the residents of the project, relative to the
New York City average.
Finally, a complete summary, to be used as a design program basis, is
shown in Appendix 2, Part E. It will be seen that a large range still
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exists in some of the program data indicating a continuing lack of
certainty in these predictions. One cause of the uncertainty may be
seen by briefly looking at the example of groceries and other foods
where the size of a store may range from a supermarket, serving as many
as 12,000 families,14 to a corner grocery serving 190. Nevertheless,
the figures presented in the summary probably give a reasonably reliable
basis on which to build the commercial facility.
7. OTHER FACIIIEES
All remaining common facilities have been grouped into this class.
The major divisions of the category as used herein were developed in
an unpublished paper by F. Ray Madgewick at M.I.T. dealing with an area
of Cambridge housing 7800 persons or approximately 2390 families,
called Neighborhood #4.15 He suggests the following services:
1. Services related to jobs and income improvement
2. Medical and health services.
3. Day care centers.
4. Youth services
5. Family services
6. Services to the elderly
7. Services to Alcoholics.
14
Loewy, Raymond, Corp., Super Markets of the Sixties, Super Market
Institute, Inc., Chicago, (c) 1960.
1 5Madgewick, F.R., The Provision of Community Services to Neighborhood
41, Cambridge, Mass., unpublished report at M.I.T., 1965.
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It must be noticed that the area of Cambridge about which Mr.
Madgewick wrote is in general severely poverty stricken, socially dis-
abled and physically run down. This, presumably, represents a different
environment from that which is being planned for the Central Yards.
Even so, his observations are worth noting.
7.1 Services Related to Jobs
The incomes of the residents of the Cambridge Study were markedly
below those of Boston and the SMSA. The average income on the New
York City site will probably be but slightly below the average. A
list of present services provided in the Cambridge area includes:
"l. Cambridge Opportunities Service: helps those discriminated
against because of race, creed or color
2. Civic Center and Clearing House at the YMCA; works mostly
with the elderly
3. Mass. Div. of Employment Security: a government no-charge,
employment agency
4. Teenage Employment Skills Training: encourages under-
privileged teenagers to develop skills and find part-time
employment."16
The objectives of the program developed for the Cambridge Study were:
16 Ibid.
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"l. to find jobs for the unemployed and underemployed
2. to help these individuals to find jobs for themselves
3. to locate those who need job assistance and are not ob-
taining it
4. to help those who are not employed in jobs utilizing
their full potential to improve their jobs.
5. to help individuals obtain public existence to which they
are entitled." 1 7
The services to be provided in Cambridge include:
"Professional - interviewing, job evaluation
- referral assistance to testing and placement
resources
- evaluation of eligibility for public assistance
under public programs
"Neighborhood Aids - information, including orientation of families
to available services and programs, job opportunities
and sources of help
- referral assistance including encouragement,
accompanying the timid to interviews, the
arrangement of interviews
- location and contacting of those who are under-
employed and drawing them into the agency for help."l 8
17Ibid.
18 Ibid.
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While the plans for this agency, as proposed above, concentrate on
the most difficult of problem cases, at least some of the services
would probably be of use on the New York City site. Furthermore, the
superior size of the Central Yards project, even in its first phase,
suggests the utility of these programs.
7.2 Medical and Health Services
A general medical aid clinic, to be staffed by professionals and
aides, to handle health and medical problems not requiring the very
specialized services of a hospital, was proposed by Madgewick in his
Cambridge study.1 9 Other services provided by such a center might
include:
1. Health education programs
2. Pre-natal clinics
3. Family planning service
4. Visiting nurse service.20
It is likely that a medical center of this type would be of general
use in many types of communities. The New York City community is not
probably an exception. On site medical services, expanded now to include
aid to Medicare recipients, ought to be included as a part of the
community's service facilities. It should be noted once more that the
total population of the Cambridge Study comprised 7800 persons or
approximately 2390 families. This argues that either a substantially
19Ibid., p. 10
20Ibid.
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larger facility might be planned for New York City, or that more than
one such center might be set up. Indeed, to some extent, both adap-
tations would probably be employed.
7.3 Day Care Centers
Principal functions of this facility, according to Madgewick, are the
freeing of mothers of pre-school children who want or need to work
during the day, and the providing of pre-school education for under-
privileged children to bring them up to the standards of their peer
group when they start their normal schooling.21 The same principles
apply to the Central Yards Project in New York City, but with a much
heavier emphasis on the former. The percentage of working mothers in
the central Manhattan area is likely to be high, while the number of
greatly deprived children will probably be low. In the Cambridge Study
area, the percentage of women heads-of-households was 22.8%. This almost
certainly exceeds the ratio likely in New York.
7.4 Youth Services
Once again turning to Madgewick's Cambridge Study, two categories of
youth service are isolated:
"those concerned with work and earning capacity
"those concerned with social projects and health.',2 2
The Cambridge Study area contained 1545 youths aged 10 through 19 in
1960. The predictions for youths of these ages on the New York
2 1Ibid., p. 21 ff.
2 2Ibid., p. 23 ff.
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City site, based on the methods previously described are shown in
Table VII.
TABLE VII 10-19 Year Old Children on New York City Site
Phase 1 Total Project
Distribution l Distribution 2
L 400 d.u. 12000 d.u. 10750 d.u.
Median 630 1890 2006 1788
Mean 593.8 1781.5 3078 2749
It will be seen that the New York City site predictions are in the same
order of magitude as those of the Cambridge area, the largest estimate
exceeding the smallest by a factor of 2. On the other hand, the relative
socio-economic level of the present site will probably be substantially
higher than that in the Cambridge area, which would probably lead to a
lower rate of youth problems, truancy and juvenile delinquency, which
in 1960 ran as high as 110% over the total Cambridge average in areas
of Neighborhood 4.23
The objectives stated for the Cambridge program were:
"i) to provide facilities for youths to engaged in their own
favored activities where they are not a nuisance to other
residents of the area
ii) to provide an outlet for the type of needs which are currently
being diverted to antisocial behavior
iii) to encourage them to organize and run these activities for
themselves
iv) to bring health and education counselling and work experience
to those in the program diagnosed as being in need of these
services."24
In the case of the Central Yards New York City project, the space devoted
to active recreation described in section 4.1 performs some of the
functions suggested by the objectives. The remainder might well be
provided in one or two specialized facilities.
7-5 Family Services
The provision of aid to troubled, unsettled and unsound family units is
the prime function of the family service. Once more the increased size
of the New York City project and the likely decreased rate of problem
families will make the probable program requirements for the two projects
tiuite similar.
7.6 Services to the Elderly
The following objectives are presented in the Cambridge study:
"l. identify needs and offer assistance either at home or
the community center.
24Ibid.
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2. provide expanded opportunity for the participation of the
elderly ... in group and community activities outside the
home.
3. provide improved living conditions through increased home
visitation-support programs .25
He cites as a partial response to these objectives the services pro-
posed in a currently planned Cambridge project for a "Drop-In Center
for Senior Citizens."
"l. a place for unstructured leisure time activities
2. counselling and referral services for all social problems of
the aged clients.
3. information about resources open to the aged
4. a health counselling program.. ."26
Similar facilities ought to be considered for the Central Yards
community. The rate of over-65 year old persons in the Cambridge area
was established at 11.8%. The large proportion of small apartments
in the New York study and the greatly increased cammunity size will
emphasize this need.
This problem, while appearing in the Cambridge Study, is,by no means,
a highly localized one. The Cambridge area is a depressed one. The
same problem appears in extremely different socio-econamic situations.
2 51bid., p. 27 fr.
26Ibid.
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It will almost certainly appear to some extent in the proposed
development. Principal sources of aid can be provided through such
societies as the AA which will be encouraged to use facilities in the
community center.
The development of spatial requirements for such a community center or
centers is quite a difficult problem requiring a thorough study of its
own to possess reliability. It will merely be stated at this point
that these broad elements of the program must be considered at the
outset, and an attempt at providing suitable space must be made.
8. Summary
As a generalized summary of the spatial needs, the following expression
may be observed.
TA -"A +A +A +A +A +A +A
r p pL q s c m
~ m ( t- + a B) + c(a E + ans) + A + A + AM pLPL sm s c m q (1.15)
This divides the total area, TA, into three major parts, consisting of those
dependent on the rental room number, NRR, those dependent on the number
of children, c, and those not readily determined in a formalized manner.
A summary of these areas as applied to the Central Yards site will be
found in Table VIII and is shown graphically in Figures 1, 2, and 3.
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TA.BLE VIII Total Areas in Program
(see also Appendix 3)
Residential
Parking
Play
School
Commercial
Subtotals
Quiet
Miscellaneous
Phase 1 Total Project
4ooo d.u. 12000 d..u. 10750 d.u.
sq. ft.
3,4oo,ooo
6.19
4o0, 000
.73
58,060
.11
30,624
.o6
40,290
.078
55,860
.10
3,928,974
7.15
3, 944,544
7.18
"o
86.5
86.2
10.2
1.5
0.8
0.8
1.0
1.4
100.
100.
____________________________ ii _____________________ J
sq. ft.
10,200,000
5.475
1,200,000
.644
175,824
.094
160,776
.086
161,040
.086
199,340
.107
21,897,640
6.39
11, 935, 940
6.41
85.7
85.
10.1
10.1
1.5
1.5
1.3
1.3
1.4
1.7
100.
100.
sq. ft.
9,137, 500
4.9
1,075,000
.58
271,284
.15
248,066
-133
142,000
.076
178,000
.096
10,873,850
5.84
10,909,850
5.86
84.
83.7
9.9
9.9
2.5
2.5
:2.3
2.3
1.3
100.
100.
TABLE IV: Children on the New York City Site
Method No. Median Mean Range
1 2 3 4 5
Phase 1 112 520 240 490 926 490 457.6 +468 +102.2 K-64OO d.u. 
-345 - 75.3
Distrib. 1
160 743 343 700 1353 700 659.8 +693.2 +105 K-9
I - -499.8 - 75-7
Total Project 336 1560 720 1470 2778 1470 1372.8 +1405.2 +102.3 6
12000 d.u. -1036.8 - 75.5 K-
Distrib. 1
480 2229 1029 2100 2059 2100 1979.4 +2079.6 +105 K9
1499.4 - 75.7
Total Project 660 1560 720 2970 6070 1560 2396 +3674 +153.3 61200 d. u. -1736 - 72.4
Distrib. 2
942 2229 1029 4240 866o 2229 3420 +6431 +188
-2478 - 72.4 K-9
Total Project 591 1397 645 2630 5440 t1397 2140.6 +3299.4 +154.1 K-6
10750 d.u. -1549.6 - 72.3
Distrib. 2
843 1987 922 3740 7780 1987 3054.4 +4725.6 +154.7 K-9
-2211.4 - 72.4
0>
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APPENDIX 1
Calculation of the Mean Play Area/Child
The derivation of area requirements for active-organized sport-play
areas within the project was based upon the idea that the principal
number of participants would range in age from 5-14 years (K-9 grades).
Children younger than 5 would be expected to play in less public
more controlled, and probably smaller spaces. Children older than
14 would probably have a wider zone of play areas, being considerably
more mobile than the younger child and having a much wider range of
interests. The activities listed below are a survey of popular
sports and games which do not require an abnormally large amount of
space per participant.
SURVEY OF SPACE REQUIREMENTS FOR VARIOUS
Name of Area Required
Activity
Dimensions sq.ft.
Std. Climbing 8l-' x 8 65
Apparatus
Wading Pool 20' x 30' to 600 to
30' x 80' 2400
Pool - Non-
Swimming Area
- Swimming
- Diving
Hopscotch
Horizontal
Iadder
Marbles
See Saws
Swings
12'6" x 5'
8' x 30'
18'
20' x 25'
17' x 38'
ACTIVITIES
Participants
age #
4-1o 6-8
314.2
62.5
240
12
2
5
250
500
612
5
6
6
Area
per
Part.
8
Source
1
18
10 3
27
29.5
31.2
48
50
83
102
3
3
3
1
1
1
1
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Name of'
Activity
Tether ball
(tennis)
Shuffleboard
Boccie
Volley Ball
Basketball
(small ct.)
Hand Ball
4 wall - sm.
Basketball
(1g. ct.)
Handball
(4 wall - lg)
(1 wall)
Softball
Area Required
Dimensions
12' x 20'
52'
62'
72'
74'
x 6'
x 18'
x 42'
x 42'
40' x 20'
941 x 50'
44' x 23'
55' x 50'
200' x 200'
sq.ft.
240
312
1016
3024
3108
800
4700
1012
2750
410000
Participants
age #
2
2
6
12
10
2 400
10 470
2
2
18
(#10 + 11)/2
Sources 1.
2.
3.
N.Y.C. Housing Authority quoted in 3.
N.Y.C. Parks Department quoted in 3.
Ramsey and Sleeper: Graphic Study
The mean is a completely unweighted average, which is probably not
representative of the predictable situation. It is not likely that
as many places will be provided that are devoted to softball as
there will be devoted to marbles or seesaws. The median figure,
therefore, is recommended for the purpose of estimating. It is
used herein as a reasonably indicative estimate of the average play
area per child, a .
p
Area
per
Part.
120
156
169
252
311
Source
1
3
2
3
3
3
3
3
3
3
Median
Mean
506
1375
2222
ill
318.8
APPENDIX 2, Part A
Shopping Centers from Baker and Funaro, Shopping Centers, Design and
Operation
Name of Center: Linda Vista, California
Population Served: 5000 d.u.
Built by National Housing Agency in World War II for industrial
workers. 4 small neighborhood store groups.
Store Type Dimensions Square Feet
Super Market 75 x 120 9,000
Variety 140 x 120 161,800
Bakery 25 x 75 1,900
Delicatessen 40 x 120 4,800
Shoes 40 x 120 4,800
Drugs 55 x 120 6,6oo
Barber 33 x 50 2,000
Beauty Shop 33 x 50 2,000
Cleaners 33 x 50 2,000
Liquor 10 x 50 550
Tavern 42 x 50 2,500
Utilities Office 22 x 50 1,300
Department Store 115 x 345 28,000
-415-
APPENDIX 2, Part A (cont-2)
Name of Center: Aero Acres, Middle River, Maryland
Population Served: for neighborhood shopping and recreation center, 2000
built during World War II for aircraft plant workers.
Store Type Dimensions Square Feet
Theater
Beauty Shop
Barber
Liquor
Laundry, Cleaners
Men's Wear
Women's Wear
Bank
Drugs
Super Market
Recreation Hall
Restaurant
50
30
30
30
30
30
30
30
30
60
45
x
x
x
x
x
x
x
x
x
x
x
120
42
42
48
52
56
6o
65
70
75
95
6,ooo
1, 260
1,260
1, 44
1,560
1,680
1,800
1, 950
2,100
4, 500
4,275
2, 950
APPENDIX 2, Part A (cont-3)
Name of Center: Los Alamos, New Mexico
Population Served: 12,000 (1952)
Store Type Dimensions Square Feet
Post Office 100 x 70 7,000
Variety 80 x 60 4,800
Hardware 60 x 55 3,300
Bakery 60 x 48 2,880
Newsstand 25 x 48 1,200
Jewelry 40 x 48  1,920
Fabrics 75 x 65 4,120
Shoes 45 x 50 2,250
Clothing 70 x 57 4,000
Furniture 52 x 57 2,960
Music 32 x 57 1,820
Cleaners 40 x 55 2,200
Shoe Repair 25 x 60 1, 500
Barber 4 0 x 60 2,400
Beauty Shop 50 x 60 3,000
Radio Station
Bowling 80 x 14o 10,000
Theater 90 x 140 12,600
Luncheonette 55 x 45 2,500
Recreation Hall 75 x 65 4, 900
Sporting Goods 85 x 32 2,700
Drugs 90 x 45 4,050
Bank 60 x 45 2,700
Super Market 60 x 155 9,300
Cafeteria 120 x 80 8,300
Retail Store Data from Census and Sales Management
Store Type Average Sales Per House- Households
per Store hold Sales per Store Stores
Per Per
3000 12000
units units
020
040
060
080
100
Groceries
Meals, Snacks
Alcoholic Drinks
Packages Bev.
Cigars, Cigarettes
Tobacco
Cosmetics, Drugs
Mens, Boys Clothing
Womens, Girls Cloth
Footwear
Curtains, Drapes,
Dry Goods
Maj. Appl., Mus. Inst.
Furniture, Sleep Eq..,
Floor Covering
Kitchenware, Home Furn.
Jewelry, Optical
Sport, Rec. Equip.
Hardware
Lumber, Bldg. Mats.
Autos, Trucks
Auto Fuels, Lubes
Tires, Batts, Access.
$1179
567
$222,000
71,600
49, 200
88,0001
28,6001
74,000
181,000
222,000
118,000
116,0001
175,000
200,000
72,000
66,6001
73,2001
71,000
145,000
1,300,000
95,000
45,700
188
126
565
1110
2080
526
1770
508
3700
5
3
1
6
2
6
1
64
95
21
11
6
23
7
24
3
131
472
266
782
1048
122
187
476
120
140
160
180
200
220
240
260
280
300
320
340
380
400
420
I
4:1
APPENDIX 2,pcLxt B(cnF2
Store Type Average Sales Per House- Households Stores
per Store hold Sales per Store Per Per
3000 12000
units units
440 Farm Equip., Access.
460 Hay, Grain, Feed, $221, 000
Farm Supplies
480 Household Fuels, Ice 375,000
500 All Other 66, 9001
520 Non-Mdse Recpts. 27,100
1 = General Merchandise
APPENDIX 2, Part C
Initial Area Calculations for Commercial Facilities Based on Samples
Store Type Sample Dwelling Store Store Area (sq. ft.)
Number Units in Units in .
Sample Sample Total in Per House- For ForSample hold in 3000 12000
... _____ .. . ..... Sample d.u. d.u.
020 Grocery 1 2 8050
4200
2 5000 3 9000
4800 3.14 9,420 37,680
1900
3 2000 1 4500 2.25 6,750 27,000
4 40oo 2 2880
9300
040 Meals 1 4400
oo
2 5000 0
3 2000 1 1 2950 1.47 4,410 17,640
4 4000 2 2500
8300 2.7 8,100 32,400
060 Alc. Bev. 1 0
2 5000 1 2500 .5 1,500 6,000
3 2000 0
4 4000 0
080 Pack. Bev. I 1 0
2 5000 1 550. 330 1,320
A.PPEIDIX 2, Part C (cont. -2)
Store Type Sample Dwelling Store Store Area (sq. ft.)
Number Units in Units in Total in Per House- For For
Sample Sample Sample hold in 3000 12000
1_ _ Sample d.u. d.u.
3 2000 1 1440 -72 2,160 8,640
4 4000 0
100 Cig. and 1 0
Tobacco 2 0
3 0
120 Cosm., 1 1 3600
2 5000 1 6600 1.32 3,960 15,840
3 2000 1 2100 1.05 4,200 16,800
14o Men _ 4 4000 1 4050 1.01 4,oo 16,160
140 Men,Boy 1 1 1050
2 5000 0
3 2000 1 1680 .84 2,520 lo,080
4 4000 1/2 2000 -5 1, 500 6,ooo
160 Worm., 1 4 1400
Girl lingerie
525
millinery
1750
450
2 5000 0
3 2000 1 1800 .9 2,700 10,800
APPENDIX 2, Part C (cont. -3)
Store Typs Sample Dwelling Store Store Area (sq. ft.)
Number Units in Units in Total in Per House- For For
Sample Sample Sample hold in 3000 12000
Sample d.u. d.u.
4 4000 1/2 2000 .5 1, 500 6,000
180 Footwear 1 2 450
1950
2 5000 1 4800 .96 2,880 11,520
3 2000 0
4 4000 2 2250 -. 92 2,760 11,040
1500 S-r-P. .2276 uo
200 Dry Gds. 1 1 450
2 5000 0
3 2000 0
4 4000 1 4120 1.03 3,090 12,360
220 Maj. Appl. 1 2 2475
525
2 5000 0
3 2000 0
4 4000 1 1820 .45 1,350 5,400
240 Furn. 1 0
2 5000 0
3 2000 0
4 4000 1 2960 .74 2, 220 8,880
260 Kitch'w'r. 1 0
2 5000 0
3 2000 0
___ __ _ _ 
__ 
4000 0_ _ __ _ _
H'
APPENDIX 2, Part C (cont.-4)
Store Type Sample Dwelling Store Store Area (sq. ft.)
Number Units in Units in Total in Per House- For ForSample Sample Sample hold in 3000 12000
Sample d.u. d.u.
280 Jew'y. 1 5 700J
Opt. 700
875J
350J
1050J
2 5000 0
3 2000 0
4 4000 1 1920J .48 1,440 5,760
300 Sport, 1 1 1500
Rec. 2 5000 0
3 2000 0
4 4000 2 10000 2.5
bowling
alley
4 2700 .67 2,010 8,040
320 Hardware 1 0
2 5000 0
3 2000 0
4 40oo 1 3300 .82 2,460 9,840
330 Lumber 1 0
Bld. 2 5000 0
3 2000 0
4 4000 0
,
APPENDIX C, Part 2 (cont.-5)
Store Type Sample Dwelling Store Store Area (sq. ft.)
Number Units in Units in Total in Per House- For For
Sample Sample Sample hold in 3000 12000
Sample d.u. d.u.
380 Autos, 1 0
Trucks 2 5000 2
3 2000 0
4 Wo 0
400 Auto 1 2
Fuels 2 5000 0
3 2000 0
4 4000 0
420 Tires, 1 0
Batts. 2 5000 0
3 2000 0
4 4000 0
460 Hay, Grn. 1 1 1400GA.
(Garden) 2 5000 0
3 2000 0
4 4ooo 0
480 1 0
2 5000 0
3 2000 0
4 4000 o
'I
APPENDIX 2, Part D
Revised Summary of Commercial Facilities
Store Type Phase 1 Total Project
3000 d.u. 12000 d.u.
Range Sample Range Sample
020 Grocery 13 14 2 51 56 6-7
040 Meals 19 21 1 75 83 4
060 Alcoholic 1(-) 1
Drinks
080 Pkgd. Bev. 1 3
120 Cosmetics, 4 4 1 17 19 4
Drugs
140 Men, Boys 1 3 3-4 2-3
160 Women, Girls 1 3 3-4 2-3
180 Footwear 1 3 3-4 3
200 Dry Goods l(-)
220 Maj. Appl. l( -)1
240 Furniture l(-)1
280 Jewelry, Opt. 1(-) 3
300 Sport, Rec. 1(-) 6
320 Hardware l(-) 3
400 Auto Fuels 5 5 19 21
Variety 3 3-4 1 11 12 2-3
Gen. Mdse. 4 4 1 14 16
APPENDIX 2, Part E
Sumary Final
Type of Store Phase 1 Total Project Increase
3000 d.u. 12000 d.u. tot.pr. - 1
# of Range Total of Range Total # of Range Total
Stores sq.ft. Stores sq.ft. Stores sq.ft.
020
020
040
06o
080
100
120
140
160
180
200
220
240
260
280
300
320
400
Grocery (A)
Grocery (B)
Meals
Alc. Drinks
Pkgd. Bev.
Cig., Tobacco
Cosmetics,Drugs
Men, Boys
Women, Girls
Footwear
Dry Goods
Maj. Appl.
Furniture
Kitchenware
Jewelry, Opt.
Sport, Rec.
Hardware
Auto Fuels
Variety
1
6
12
1
1
3
1
1
1
1
1
1
1
1
1
3
3
0
4
11
1
0
2
0
0
0
1
2
1
1
1
1
3
2
24000
8430
6240
1500
1230
3390
2010
2100
2820
3090
1350
2220
1440
2010
2460
15240
3
24
44
2
3
12
3
3
3
2
2
2
3
6
3
12
8
1
16
40
1
1
9
1
1
1
1
1
1
1
2
1
12
6
72000
33700
24950
6000
4920
13470
8040
8400
11280
12360
5400
8880
5760
8040
9840
60960
2
18
32
1
2
9
2
2
2
1
1
1
2
5
2
9
5
1-3
-2,38
-19,83
-1,3
1,3
-1,20
1, 3
1, 3
1,3
-1, 3
-1,3
-1,3
0,4
2,8
0,4
-6, 24
-3,13
48000
17270
18710
4500
3690
10080
6030
6300
8460
9270
4050
6660
4320
6030
7380
45720
0J
APPENDIX 2, Part E
Type of Store Phase 1 Total Project Increase
3000 d.u. 12000 d.u. tot. pr. - 1
of Range Total # of Range Total # of Range Total
Stores sq. ft. Stores sq.ft. Stores sg.ft.
Gen. Mdse.
Dept. Store
Total Using A
Total Using B
supermarkets
small groceries
2
0
2
0
55860
40290
9
1
9
1
119340
161040
7
1
-
4
,18
0,2
143480
112750
Ji _______________ J. M J. I U h
TB
A=
B =
\J
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APPENDIX 3
Summary of Calculations According to the Methods of this Report
Using the Data Applicable to the Central Yards Site
NRR
m
A NRR Cr
r m
Phase 1 Total Project
400 d.u. 12000 d.u. 10750 d.u.
Dist. 1 Dist. 2
14, 700
850
3.675
3,oo,ooo
44, 100
850
3.675
10, 200,000
44,1oo
850
4.1
9,137,500
B .4 .4 .4
ap P250 250 250
NRR/m 4,000 12, 000 10,750
=a 400,000 1,200,000 1,075,000
a PL
C 660 1980 3055
.8 .8 .8
ApL = apL x C xd 58,060 175,824 271,284
am 116 116 116
c 660 1980 3055
n .4 .7 .7
A = am x C x n 30,624 160,776 248,066
Ac 4o0,290 161,0140 142,000
55,860 199,340 178,000
1.
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PROPOSAL FOR A THESIS TO BE SUBMITTED IN
PARTIAL FULFILIMENT OF THE REQUIREIENTS
FOR THE DEGREE
MASTER IN ARCHITECTURE
CALVIN F. OPITZ
25 APRIL 1966
2.
ABSTRACT
Population growth and the shortage of rental housing make necessary
research for new economical methods of construction. Economy i6
frequently achieved in high density and high rise plans. Are the
non-monetary costs to society too great in these systems to warrant
their use, economics notwithstanding? A specific system and problem
will be studied to explore this question.
3.
I. BA.CKGROUND
The trend toward increased urbanization, resulting in rapidly in-
creasing population densities, has created an urgent need for new
high density housing. Planners and architects have spent much effort
studying long term plans for urban development but they have, relative-
ly, ignored the imminent needs. While long range conceptualizations
for the city of 1985 and 2000 are of the utmost importance, they do
not serve to relieve the problems of the immediate population expan-
sion. In his book Housing, People and Cities, Martin Meyerson notes
that 2,300,000 babies were born in 1940, 3,200,000 in 1946, 3,700,000
in 1951, and since 1954, in excess of 4,000,000 per year. From these
data, he predicts marriage rates for the years 1960-1975 beginning
at about 1,000,000 per year and rising to 2,000,000 per year. The
Bureau of the Census predicts the population of the United States
will reach 272,000,000 in 1980, representing a change of 1,000,000
in 22 years. Furthermore, the population over 65 years of age is
expected to increase from 10,000,000 in 1960 to 20,000,000 in 1985.
Since both young married couples and elderly couples frequently
form small households, they can be reasonably expected to desire
small housing units in multiple family dwellings. They will more
likely than not rent their housing. It would seem to follow, then,
that the supply of rental-multiple dwellings must be increasing with
the population and potential market. Not so, points out Louis Winnick
2in Rental Housing, Opportunities for Private Investment. Rental unit
construction starts totaled 171,000 in 1905, 365,000 in 1925 and
120,000 in 1955. These figures represent 33.6%, 39% and 9.2% of the
total housing starts respectively. (See figure 1.) Of course, con-
struction starts tend to overstate the actual trend. Nonetheless,
the renter-ratio (proportion of renters) has declined from 59% in
1920 to 43% in 1955.
1Martin Meyerson et. al., ACTION Series, New York' McGraw-Hill, 1961.
2ACTION Series, New York, McGraw-Hill, 1958.
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5.
There have been many reasons for this apparently contradictory
market behavior. There has long been evidence of a strong consumer
preference for individual home ownership. As periods of prosperity
have continued, so also have house building booms. Still, there is
some cause to think that not all persons living in suburban homes do
so entirely out of preference.3 These people would live in urban
rental housing if it were presented at a reasonable price and in an
attractive manner.
Why is there a shortage of such housing? Where is the investment
capital? The financing of rental housing is not so attractive as
that of suburban subdivision developments. The inducement to build
any but luxury apartments does not exist. In some places, rental
4housing is given a distinct tax disadvantage. Even if a formally
established tax disadvantage for the renter does not exist, the
deduction for housing costs allowed the homeowner from his income
tax liability puts the renter in an unfavorable position. The con-
dominium and cooperative apartment financing and ownership schemes
may serve to alleviate this problem, if they gain widespread accep-
tance.
In order to induce the construction of private rental housing, the
investor must be attracted. This might be done with improved
financing methods, revised tax regulations, etc. It might also be
improved with new methods of construction which could realize
economies without establishing hostile and undesirable environments.
It might be that research into the problems of rental housing con-
struction could cause a great change in the rental housing market,
but very little research into any aspect of the housing industry has
Meye'rseh eit. al., op. cit;, .and Glent M. Beyer, Housing and -S'ciety,
New York, Ma'cmillan, 1965..
4.
In the Borough of Zueens, New York City, private single family
housing is assessed at 51% of its market value, while elevator apart-
ment buildings are assessed at 94%. From Winnick, op. cit.
6.
been attempted. One reason for this is the very great number of small
firms which prcduce the housing supply. There is a lack of major
industry leaders who might take the initiative in research and develop-
ment work. Until very recently, even the Federal Government, with its
huge commitments in the housing market, performed no such service.
In 1960 the H.H.F.A. spent $15,000 for research. All other Federal
agencies had a research and development total of $7,000,000,000.
Construction costs are a major generator of housing costs. Rental
rates are, at least in part, a function of construction costs.
Actually, figure 2 implies that the rate of increase of rental costs
somewhat leads that of construction in the 15 year period shown. In
any case, the components of construction cost merit some investigation.
Figure 2 also compares construction cost totals with the overall
Consumer Price Index. Increases in construction costs are leading
those of the general C.P.I. What of the elements that comprise
construction costs? Wholesale prices of construction materials
generally follow the C.P-.I. in a rather sporadic manner (figure 3).
Growth in labor costs, on the other hand, is consistently exceeding
that of the C.P.I. (figure 4)). Simplification and increased labor
efficiency are matters requiring study. Research and development
into all phases of the housing problem must be increased by both
government and industry to help meet the challenge of the population
"texplosion."
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II. RESEARCH
In the fall of 1965 a research project to study the possible use of
steel as a medium of construction in high rise residential construction
was begun at M.I.T. under the sponsorship of the United States Steel
Corporation. Among the principle goals of this effort was tb use the
high strength of steel in such an economical manner that it could con-
tribute to the housing market in a reasonable way.
A building system was developed which utilized story high trusses
running across the full width of a double loaded corridor building.
These were placed in alternating positions on each successive floor,
forming a brick-like pattern of spaces. The advantages of this
geometry include its ability to create spaces of a clear size twice
the length of the floor span used (see figure 5), its great inherent
wind resistance in the normally weak direction, and its concentration
of loads at the exterior of the building unit, permitting large, un-
obstructed spaces at ground level.
f-121 ~
Figure 5
The system has been cost-tested by applying it to a conventional
double loaded corridor slab apartment building following an apart-
ment size distribution suggested for a downtown New York City area.
This has served as a basis for comparison with both existing and
10.
planned projects of the same general size utilizing conventional
framing techniques both in steel and concrete. The experience of
planning, using the system, has shown that it does not greatly inhiLbit
the apartment designer who follows todayt s design formulae. Indeed,
no difficulty was encountered in closely approximating the 'ideal'
apartment size distribution as specified in the test project. What
has not been studied, however, is the effect the system has upon the
attempt to plan a more complete environment, and the effect the system
has upon an attempt to establish any apartment organization scheme
other than the simple high rise slab.
ll.
III. SPECIFIC PROBLEM - LOCATION
There have been proposals for a large scale housing development to be
built as an air-rights structure over the New York Central Railroad
Yards in New York City. A population of approximately 12,000 families
has been predicted. The L-shaped plot is broken up into three zones.
One of the "legs", bounded by Tenth and Eleventh Avenues and Thirtieth
and Thirty-third Street.s,. forms 'the first phase of the projeet, to
house 3500 families. The development of this project and of the com-
plete site would serve as the subject matter of the thesis. (See
figure 6.)
The site is an active and challenging one. It is bounded on the south
by a raised railroad viaduct serving the United States Post Office
parcel post division. This may be joined by the viaduct of the Mid
Manhattan Expressway, also running above Thirtieth Street. On the
east and north, the area is bounded by approach roads of the Lincoln
Tunnel-Port Authority Bus Terminal complex. The west side of the site
abuts the Miller Highway (West Side Expressway) and a railroad viaduct.
These straddle Twelfth Avenue, which serves as a springing point for
the active New York City Hudson River piers.
Presently, the site is used almost exclusively as a package and cargo
transfer depot. Railroad yards, ship piers, truck docks and ware-
houses, large and small, cover the area. There does not seem to be
much reason to believe that these operations will leave the area.
Whatever is built here must be able to function in conjunction with the
existing transport industry. If residence is contemplated upon this
site, however, it must bring its own complete community services with
it. It will not find any such things pre-existing.
12.
Other railroad features of the site include the Pennsylvania Railroad
main line running from Pennsylvania Station in a tunnel beneath
Thirty-second Street. The new connecting link between the Pennsyl-
vania Railroad and the New York Central Railroad will occur on the
Phase One site. Just off Twelfth Avenue, a few small railroad yards
serve the railroad barges which dock across the street.
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IV. SPECIFIC PROBIM - PARTITION AND ATTACK
The site has natural boundaries on three sides. Its fourth boundary
is a rather arbitrary one. It is, in essence, an intrusion of ware-
house facilities into an otherwise rectangular site. An important
first decision which must be made is whether the continuation of this
use in its present location is reasonable, or, as an alternative,
whether housing should spread out to complete the rectangle and seek
the apparent natural-physical site boundaries at the Lincoln Tunnel
access highways. Among the factors to be evaluated herein are the
effect the warehousing would have upon the community, the physical
condition of the warehousing, and the importance of its present
location.
If the general site boundaries are accepted, the three phase parti-
tion of the project is a reasonable one, since it allows the project
to grow by annexation of land, and also allows the project to cease to
grow, if necessary, without leaving a part of the existing pity grid
unaccQunted for.
For purposes of this study, two approaches will be taken. The phase
one site will be studied following closely the pre-established program
requirements proposed by the New York developers and their advisors.
The second study phase, which will physically comprise phase-areas
two and three, will be designed according to a new program developed
for this study with an aim toward making the entire project form a
balanced and complete community. The two half projects will have to
function as a unified development. The whole project may eventually
have to act as a residential nucleus in an otherwise non-residential
area.
The program for the second phase study will have to be based upon an
analysis of the needs of the proposed community. Among the problems
to be dealt with here are:
15.
(l) what services and community facilities would be needed by
a group of:
(a) 3500 families
(b) 12,000 families
(2) what services can the existing city structure provide
(3) how isolated is this community from the existing city
structure
(4) how can it relate to the existing city structure
16.
V. ANTICIPATED ACCOMPIJSEMENTS
There are three principle aims in this work. First, since the work
is based upon a pre-existing and pre-selected structural system, the
question arises: what can the system do? Does the system allow for
new and better ways of housing people at a high density? As an alter-
native: does the system inhibit natural development of the community,
and is it, as such, a social detriment, rather than an improvement?
Second, this study deals with population densities of 280-300
families per acre. Can reasonable living be established at such
densities in an economical way? Since economies can be realized by
increasing population densities, and since increased densities imply,
at least in part, high rise development, what price, in terms of
human values., must we pay for these economies? Are the needs of in-
creasing density compatible with the needs of "safe and sane"
existence?
Third, since a specific site has been chosen, what potentials does
it possess? How can they be exploited? Is it reasonable, or even
possible, to establish a residential community in the middle of a
major center of commerce? If so, how large does such a community
have to be to survive in seemingly.lhoabileisurroundings? How
hostile do these surroundings actually have to be?
This is a partial list of questions answers to which will be sought
through research and design studies for the project.
17.
PARTIAL READING LIST
1. Abrams, Charles, The Future of Housing, New York, Harper & Bros.,
1946.
2. ---------------- , Man's Struggle for Shelter, Cambridge, M.I.T. Press,
1964.
3. Bauer, C. "Social Questions on Housing and Community Planning,"
The Journal of Social Issues, Vol. 7, Nos. 1 and 2, 1951, pp. 1-34.
4.. Beyer, Glenn M.', T'ousing and~Society,.New York. Macmillan, 1965.
5. Kennedy,' R. W., "Sociopsychological Problems of Housing Design,"
in L. Festinger, S. Schechter and K. Back, Social Pressures in
Informal Groups, New York, Harper & Bros., 1950.
6. Meyerson. Martin, Barbara -Terrett; and William L. C. -heaton,
Housing, People and Cities, New York, McGraw-Hill, 1961.
7. Winnick, Louis, American Housing and Its Use, New York, John Wiley
and Sons, 1957.
8. ------------- , Rental Housing, Opportunities for Private Invest-
ment, New York, McGraw-Hill, 1958.
18.
APPENDIX
COMMUNITY FACILITIES
E-izzz2[Z 
-] JiJ-
- E
- -c -- 40
~§i74 TZ[ L 1
[ L~2~ L7
11'~]: ~73[ 1 Kil[lI7 C [
. ] §I1
Ti~~~.7777
L~]
1~~~~
~ >2
K 
-,
LI i-~
1~---
FI"71-
L~2
V I Li]
r -- ~- 1
-i
~~~1L 
- il
-4
- ----
1
---4
17~ ~i2
L -
:71
t2-1-j
I-- -
- ---.1
RV7~
4
~
L
- -- - -- 4
-- --- 4
V .7~2
9---
~~-1
I-
PUBLIC' PEN SPACE S
N.B., RINGS INDICATE 5 MINUTE WALK
tT"Z
9-3
LV
r
IA2
o 300 'o
co""o*.e.1
]1- C - .1
,,P r TJZ] I
- ~ ~ ~ ~~s L ~. 7~" lL 71 -
/ L]EC ][__ ][
-]--V[] ] -
LL
IT I
.4e 7NrE TR4ES HS
-TR
E-- - --- - M-7 4
L Lcs
PS PUBLIC (ELEMENTARY) SCHOOL
SCHOOLS HS HIGH SCHOOL
CS CHURCH AFFILIATED SCHOOL
M K.3o t'.. c N.B.: RINGS INDICATE 5 MINUTE WALK(.ag Le
L
rg
Jn
.
1 
L
T 
I 
II
u
JJ
L.
d
4iL
Lu
1
n
n
n
n
 
'n
I
-
1 
r 
! 
11
 
' 
F-
 
-
n
T-
I
<
 4
II 
ii.
~ 
U 
s-
 -
'
,
.
! V
i
1'
 
-
I.,
I 
I 
ii 
~
I 
LI
 
jI 
j~
I 
i~ 
~
:
ii 
L
JL
 
[iL
- 
tI
L
 I
L-
 
-
iL 
~
.
 
-
J
~
r-
' 
~ 
-
n-
JH
K 
-
~
 
<
 
V 
'.
1
~
A 
~
 
*
,
,
 
'6 
() 
*
~
1 
fl1
~-
'~-
~
1
'~
"
~
'1
~
Li
 L
i
r~
ri
It
irr
i- 
-
-
-
~
' 
I
*
~
-:~
 
4*
-
c) M
.
0
0 0
z z C
)
C/
)
z 0 0I m z -4 r
s 
77
_
j 
-
'-
-
 L
 L
-
L
u
d
u
 i 
J'
 I L
 
"
L
[ L 
Lj 
_
 
.
LL
LJ
"
t 7
V 7i
 
T-
 F7
71
7 
F
 
t7
I7
- 7
 
-
I7
L~
 
LI
LJ
LL
LL
!J
'
m
ar
m
1 
j-i
lu
u 
u
lu
lil
-
,
n
- 
-
on
nm
nn
nn
r1
r~
-.-
~r
 
m
r
-
'-
n
n
a
r
m
n
 
h
-79-
DPAWINGS AND PHOTOGRAPHS
/I/I AI
4
I4'I
V/
/
'V
iv
I#
*/ 
,
-
 
~
 
A
/ 
d
,a
-n/
T Az us-
-pup
I
I77I- Ii-_71
m n~m
I I I
r
II
I
..
I
1L M
Irta
14
prmp
Hi 1
U
iM
C
I
ri
I
a
Itfli~-flhrw,,
w"I
4
1
'HA
0
I
a
4@z 2 m.. "MA. M MM 
A~~A 
t... 
.C .6.
o(ST
-fL or 4 Lwi-
........ RAW
LMT~~~Es O MC zE
- --- --- - -
----- 
- --- --
- - -77
-1O as n
t-0 -" - -T M 0 *FS
C* o* ."- - --
'O.Ms --O 
-"--
*ES
.z u
- +
.ES TY,,CAL ETAI OF11s1 AT [oi *&up."
\ wisl
to
ITT"
34 .
ne"op
- -3-0-
i* ST 30T -
- -"T-
* C .OS .0 eS.wTYS TO n 20
C "SSTO
.604 1OO - 40 400 6COO
T,. 5 .e"NO, .. s,
ST
ST
ST
a
ST
. we
WN i * AR I E T A 0 C ulE X PMTt Y
. m sOm m
PLAN
., e. . .. ,... w AA......
I
-- awas is e
W MMTM -M01
ST
ST
ST
XT I4z1
*
E~A1LUT~Jf~
jE
T
~5~j
~1 ~i..I
II.II....11Z~ 
IL 
~
a
I
i 
I
tr~1 u~i~4~
%17~ V
*K
ad
CI
34~~J
SECTION tI
-*3
K-'
-~*~ I -~
Pr 9-.---
SUC TIO0N NI3
4-- .e -+
-R-Irr
*ae**~~~ 0.~w ese tJw *... ,*... ..
ass.9
ToA
~.. ~
9 4 a . v I 1 6 3 s A a 0 a A 3 1 A , a a A 1
N@J~~Th rDLf
-
~s4-.
4~r -f
t
4 -
4---.--, 1&
U U Urns
L- rt'
m0
v Vf
: I ..o ., , , , 3
pI
m
m
m
um
uam
*tiih
U, I so.
V.. **-7
4..
II
4 It 06 V-1 a
0 a % -1 9 3
~LlJ
3 4
T
9 9 a I I , .6 , S I ..I .-..I ,
I
VL 
-
,
x
BIBLIOGRAPHY
Abrams, Charles, Man's Struggle for Shelter in an Urbanizing World,
Cambridge, The M.I.T. Press, 1964.
Baker, Geoffrey and Bruno Funaro, Shopping Centers: Design and
Operation., Progressive Architecture Library, New York,
Reinhold Publishing Corp., 1954.
Beyer, Glenn H., Housing and Society, New York, The MacMillan Co.,
(c) 1965.
Burrage, Robert H. and Edward G. Mogren, Parking, Saugatuck, Conn.,
Eno Foundation for Highway Traffic Control, 1957.
Chermeyeff, Serge and Christopher Alexander, Community and Privacy:
toward a New Architecture of Humanism, Garden City, N.Y.,
Doubleday, 1963.
Corrie, John Bruton, The Use of Sequence Analysis as a Method for
the Design and Location of Parking Facilities in the City,
M.C.P. Thesis, M.I.T., 1964.
The Cost of a Schoolhouse, a Report, Educational Facilities Laboratory,
New York, 1960.
Hornbeck, James S., AIA, Stores and Shopping Centers, New York,
Toronto, London, McGraw Hill Co., Inc., 1962.
Loewy, Raymond, Corp., Supermarkets of the Sixties, Chicago, The
Supermarket Institute, Inc., c. 1960.
Madgewick, F. Roy, The Provision of Community Services to Neighborhood
#4, Cambridge, Mass., unpublished report at M.I.T., January 1966.
Meyerson, Martin, Barbara Terrett and William L.C. Wheaton, Housing,
People and Cities, New York, McGraw Hill Company, 1961.
Pratt Institute, Methods of Reducing the Cost of Public Housing,
sponsored by the New York State Division of Housing, New York,
1960.
New York City Zoning Ordinance
Ricker, Edmund R., Traffic Design of Parking Garages, Saugatuck, Conn.,
Eno Foundation for Highway Traffic Control, 1957.
School Planning Laboratory, Stanford University, School Construction
Systems Development, New York, Educational Facilities Laboratory,
1962.
Spreiregen, Paul, Urban Design: the Architecture of Towns and Cities,
New York, McGraw Hill Company, 1965.
Survey of Buying Power, "Sales Management Magazine," June 10, 1965,
Bill Brothers, publisher.
U.S. Department of Commerce, Retail Trade, Merchandise Line Sales:
Middle Atlantic States: New Jersey, New York, Pennsylvania,
Census of Business, 1963.
Winnick, Louis, Rental Housing, Opportunities for Private Investment,
New York, McGraw Hill Company, 1958.
